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The present invention relates to the stabilisation of 
5 ijsaunogiobulins against degradation, in particular on 

stcraga and processing prior to use. 

Antibodies or ismunogiob-ulins are proteinacaous 
bifurictional isolecuies. One part, which is highly variable 
between different antibodies ^ is responsible for binding to 
10 an antigen, for example the many different infectious 
agents that the body may encotinter, whilst the second ^ 
constant, part is respcnsible for binding to the Fc 
receptors of cells and also activates coiRpieitient. In this 
way, antibodies represent a vital component of the ijasune 
15 response of aairaaais in destroying foreign microorganisms 
and viruses. 

The is53K»unisation cf an animal with an antigen rssuits 
in the production of different antibodies with different 
specificities and affinities. An antiserum obtainad frois 

20 the immunised animal will,, therefore, be heterogeneous and 
contain a pool of antibodies produced by snany different 
lymphocyte cicnes. Antibodies thus obtssined are referred 
to as polyclonal antibodies and this polycionai nature has 
been a ssajor drawback in the use of antibodies in 

25 diagnostic assays and in therapeutic applications. 

A rsajor step forward occurred in 1975 when Kohler and 
Milstein ( Nature . 1975, 2M/ 495-497) reported the 
successful fusion or spleen cells frosi inice iuanunized with 
an antigen with cells of a murine myeloina line. The 

30 resulting hybrid cells,, termed hybridojnas, have the 
properties of antibody production derived from spleen cells 
and of continuous growth derived irom the isyelojsa cells. 
Each hybridor.a synthesizes and secretes a single antibody 
to a particular deteritiinant of the original antigen < To 

35 ensure that all cells in a culture are identical, i.e. that 
they contain the genetic information required for the 
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synthesis of a unique antibody species, the hybridomas 
risaiting from ceil fusion are cloned and subcloned. In 
this way, tfee cloned hybridomas produce homogeneous or 
monoclonal antibodies. 

The advantages of hyforidoiaa technologi' are profound. 
Because aany hybrids arising froxti each spleen are screened 
for tbsir potential to produce antibodies to the antigen of 
interest and only a few are selected, it is possible to 
imjsunize with iMure antigens and yet obtain specific 
antibodies. The iiamortaiity of the ceil line assures that 
an unlimited supply of a homogeneous, well-characterised 
antibody is availaijle for use in a variety of applications 
including in particular diagnosis and immnotherapy of 
pathological disorders. Unfortunately, the usefulness of 
such aonocionai antibodies in a clinical setting can be 
severely haiapersd by the development of huitian anti-ssouse 
antibodies - an anti-globulin response - which ^say 
interfere with therapy or cause allergic cr iir^su-ie cosiplex 
hypersensitivity. This has led to the developjaent of 
huB&nised antibodies. 

An antibody molecule is composed of two light chains 
and tvo heavy chains that are held together by interchain 
disulphide bonds. Each light chain is linked to a heavy 
chain' by disulphide bonds and the two heavy chains are 
linked to each other by disulphide bonds. Each heavy chain 
has at one end a variable domain followed by a number cf 
constant domains, and each light chain has a variable 
domain at one end and a constant domain at the other end. 
The light chain variable domain is aligned with the 
variable domain of the heavy chain. The light chain 
constant domain is aligned with the first constant domain 
of the heavy chain. The remaining constant domains of the 
heavy chains are aligned with each other. The constant 
domains in the light and heavy chains are not involved 
directly in binding the anribody to the antigen. 

The variable dojnains of each pair of light and heavy 
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chains form the anrigen binding site. They have the sase 
general strucfure with each domain coitsprising a framework 
of four regions, whose sequences are relatively consarved., 
connected fay three coffipletnentarity deterstining regions 
(CDKs) . The four framework regions largely adopt a 
faeta-sheet conformation ana the CDRs fortr; loops connect ing^ 
and in . soae cases coffiprising part of, the beta-sheet 
structiire. The CDRs are held in close proxiniity by the 
frajsework regions and, with the CDRs from the other dorr.sin, 
contribute to the formation of the antigen binding site. 

Irs the use of nsurihe raonoclonal antibodies, the 
induction of an human anti-mouse antibody response is due 
to the Taurine origin of the constant dojnains and four 
fraasvrork regions* This problem has therefore been 
addressed by the deveiopraent of jsodified antibodies of tvc 
basic types. The first type, referred to as chimeric 
antibodies, is where the murine constant dojsains only are 
replaced by equivalent domains of hujrsan origin (Morrison 
et P.N^A.S. ■ 1984, 6851-6S55; Boulianne et al, 

Nature,. 1985, 3l±, 268-270; and Neuberger st al, Nature 
1985, 311. 2SS-270) . The second type is where the jnurine 
constant doroains and the murine frajnework regions are all 
replaced by equivalent domains and regions of hur^an origin. 
This second type of modified antibody is referred to as a 
hujsanised or CDR-grafted antibody (Jones et al. Nature . 
19Be, 522-525; and Riechraann e£ al, Nature , 1988, 332, 

323-327) . 

To generate sufficient quantities of antibody for 
full clinical investigation, it is desirable to utilise an 
efficient recombinant expression system. Since inyelojss 
cells represent a natural host specialized for antibody 

production and secretion, cell lines derived froiT5 these 
have been used for the expression of recombinant 
antibodies. Often, complex vector design, based around 
is^s^unoglobulin gene regulatory eieroents, is required, and 
final expression levels have been reported which are highly 
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variable (Winter et ai. Nature , 1988, 332, 323-327; Weidle 
at: al. Gene, 1987;. 60, 20S-21S; Nskstani 
3lo/Technoloqv . 1989, 7, 805-810? and Gillies gt §Xr 
Bio /Technology , 1989, 7, 799-804). 
5 Other types of expression systejns which have been 

proposed for antibodies include immortalised huxr.an B cells 
(Sic© ^ si, Proc . Natl . Acad , sci. USA. (1982) H 
78S2-7S65) , however yields are generally low and it is 
difficult to establish stable cell lines. coli has been 

10 ased to express F,. frag-jaents (Skerra & Plukthun, IcjeDce, 

C'lSSS) 240,, 103S-1041) or single chain antigen binding 
siolecuXes {Bird «|t al, Science, (1988) Ml. 423-425} but 
entire ia:T5unoglobulins have so far not been produced in the 
syste-H.. Antibodies have, however, been successfully 

15 produced in ffiammalian cell expression systems which are 
already knot<m for the production of recosjbinant proteins 
such as Chinese hamster ovary (CHO) cells. 

In the production of purified antibodies whether for 
therapeutic or diagnostic use, it is important that the 

20 antijsody is sufficiently stable on storage and various 
chemical entities jsay have an adverse effect on the 
stability of the antibody. The present invention is based 
pn the surprising discovery that trace amoiints of copper 
(Ca**) have a destabilising effect on ixaHJUnoglobulin 

25 molecules on storage and that this effect can be eliminated 
by formulating the imsnunoglofaulin snoiecuie with a suitable 
chelator of copper ions. 

It has also surprisingly been found that the presence 
ox a chelator of copper ions jaay have a stabilising effect 

30 on the iwjjsUnoglofaulin inolecule even when the iBisunoglobuiin 
does not contain amounts of copper which are detectable by 
conventional techniques such as atosriic absorption 
spectroscopy. Whilst not wishing to be bound by any 
particular theory;- it may be that the presence of copper 

35 ions in amounts below the detection limits of techniques 
such as atomic absorption spectroscopy still has a 



wo 93/08837 



PCT/GB92/61970 



destabilising effsct on the iinmunoglcbuiin molecui«j which 
can be eliminated by the addition of a suitable chelating 

agent . 

The present invention provides a stabilised 
5 i:nj-r:unogiobulin cojiiposition comprising at least one 

iaEiunoglGbuiin together with a stabilising air.ount of a 
chelator of copper ions, 

•The invention also provides the use of a chelator of 
copper ions tc stabilise an imaunoglobulin against 

10 degradation on storage, for example degradation resulting 
from the effect of copper ions. 

The fact that trace amounts of copper ions have a 
dastabi. Using effect on iMRunoglobuXins means that tliere 
may be. an advantage in terms of stability in ensuring thst 

15 iiMunoglobulins contaih the mininium possible asiount of 
copper ions. According to a further aspect the present 
invention provides a purified immunoglobulin substantially 
free from copper ions, in particuisr the invention 
provides an imfflunogiobuiin in which no copper can be 

20 detected by the use of conventional techniques such as 
atoisic absorption spectroscopy. 

The invention also provides a process for ex^hancing 
the stability of an immunoglobulin which comprises 
subjecting the iromunoglobulin to a purification procedure 

25 capable of removing copper ions therefrom. In particular 
the procedure should be such that the no copper can be 
detected in the immunoglobulin by the use of conventional 
procedures such as atomic absorption spectroscopy. Copper 
can be removed from immunoglobulins by conventional 

30 procedures known in the field of protein purification such 
as dialysis versus potassium cyanide containing phosphate 
buffer followed by gel filtration to remove copper as 
copper cyanide (see for example Baker and Kultquist, J. 
Biol. CheK!., 153, 844-845 (1978)). 

35 The present invention is applicable to the 

stabilisation ox iamunogiotaulins of all classes, l.e igM, 
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iga, IgA/ IgS^ and IgD, and it also esjtends t,o the 
stabilisation of Fab fragments and J^ispecific sntibodiss. 
The invention is preferably applied to the stabilisation of 
XBxauiioglobuiins of the class IgG, which includes the 
s-ab~classes IgG,, IgG,^, IgG^, IgGj and igG,. Ths invent.ion 
is 3sors preferably applied to the stabilisation of 
iBiaunoglobuiins of the class IgGj. 

The invention finds particular application in the 
stabilisation of r&cojnbinant antibodies, most particularly 
chimeric antibodies or huinanised (CDR-grafted) antibodies, 
particular examples of these include chimeric or huBianised 
antibodies against CDS, CD3:. CD4, CDS, CD7, CDS, CDXia,b, 
CDIS^ CDlBr CD25, CD33, CD54 and especially hURanised 
antibodies against the CDw52 antigen, such as CAHP&TE-IH 
(omBATE. is a Trade MarJc of the Wellcoiae group of 
co^.panies) , Further examples include chiiaeric or huisanised 
antibodies against various tumour ceil jtiarker antigens. 

The ijraaunoglobuXin will generally be formulated with 
the jsetal ion chelating agent at an early stage, for 
escample during or iffijnediately following purification. The 
production procedure for an iroiuunoglobuiin will generally 
involve purification by means of chromatography and/or gel 
filtration columns. The chelating agent can be added at 
any convenient stage of the purification procedure, for 
exar^ple at the stage of the final column, so that the 
chelating agent remains in the immunoglobulin at the end of 
the purification procedure. Alternatively, the chelating 
agent may be added at a suitable stage following 
purification. In the case of a lyophilised immunoglobulin 
the chelating agent will generally be added prior to 
lycphilisation . 

The level at which the chelating agent is added to 
the ijsnnunoglobulin will be such as to ensure that any 
coT^psr present is bound by the chelating agent and thus- 
rendered ineffective in destabilising the i-fmaunoglobulin. 
The invention is applicable irrespective of the intended 
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end use cf the immunoglobulin although the chelating agent 
which is used should be chosen in such a way that it will 
not have an adverse effect on the intended end use cf ths 
Imsunogiobuiin. For example in the case of antibodies 
5 intended foir therapsTatic use, the chelating agent should 

not show any toxic effects at the level in which it will be 
present . 

A particularly preferred metal ion chelating agent is 
etJjylenediaaslTJS tetraacetic acid (EDTA) which may typically 

10 be added to the iBinunoglobulin at levels of 0»05;nJ^ to 5jnK, 
preferably 0.im. to 3m< A level of O.iituM EDTA will often 
be sufficient to stabilise an immunoglobulin but levels up 
to or higher do not present any problem physiologically 
in the case of an ijnmunbglobulin intanded for 

15 administration to humans. An alternative jnetaX ion 
chelating agent is citrate ion, preferably used in the fors? 
of an alkali ssetal citrate, e.g. sodium citrate. 

L^rounoglobulins intended for therapeutic use will 
gensrally fas administered to the patient in the fors of a 

20 pharssaceutical forwulation. Such formulations preferably 
include, in addition to the immunoglobulin, a 
physiologically acceptable carrier or diluent, possibly in 
adusixture with one or isore other agehts such as other 
ixnjnunoglobuiins or drugs, such as an antibiotic, suitable 

25 carriers include, but are not iiaited to, physiologic 
saline, phosphate buffered saline, phosphate buffered 
saline giuoose and buffered saline. Alternatively the 
isimunoglobuiin laay- be lyophilised (freeze dried} and 
reconstituted for use when needed by the addition of an 
0 aqueous buffered solution as described above. Routes of 

administration are routinely parenteral, including 
intravenous, intramuscular, subcutaneous and 
intraperitoneal injection or delivery. The chelating agent 
smy be- incorporated into any type of ijsTsunoglobulin 
5 fbrsiuiation intended either for storage and distribution or 
ultimate use. The pharmaceutical formulation will 
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generally contain, or in the case of a lyophilised 
preparation will be reconstituted to contain, an effective 
thsrapautic dose of the intmunoglobulin per unit dosa. In 
the case of the humanised antibody CAMPATH-IH, liqiiid 
formulations or reconstituted lyophiiised f orxaulatlons 
preferably contain 0.5 to 20 mg/rol of the antibody, 
preferably 2 lag/Kl or 10 mg/ml. 

The invention is illustrated by the following 
examples? 

EXAHPLS 1 

The affect of various additives on the stability of 
a rscoabinant antibody was studied at 37 *C, The antibody 
was CAMPATH IS, a humanised antibody against the CDwS2 
antigen (Riechmann at Sil^Jre, 121, 323-327 (1S88)}, 

which had been produced by expression in a recoisbinant CHO 
cell line transfonsed with DNA encoding the heavy and light 
chains of the antibody roolecuXe. The antibody was 
extracted from the cell culture wedium and purified and was 
then stored as a solution (iBig/ml) in phosphate buffered 
saline at 4-4'C. 

vials containing 0.5ml of the solution of CASiPATH IK 
referred to above together with the additive specified were 
incubated at «7°C for 4 weeks under sterile conditions. 
At the end of this period the samples were analysed by slse 
exclusion HPLC, the stability of the sample being assessed 
by the extent of the forxnation of "peak C" (a peak fonsed 
by the ssajor degradation product of the antibody which has 
a" molecular weight of about 50K) based on the total eiuted 
protein. The results are set out in the following Table l. 
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TABLE 1 



ADDITIVE 


% PEAK C i 


None 


12% i 


None (storage at +4«C) 


2% 


CU** (lOppB!) 


28% i 


EDTA (23nK) 


<1% \ 


1 , iC—phenanthroiine { lOroi'l) 


3% 



Tha copper was added as CuCi2.2H20 and the 
IG 1, lO-phenanthroiine as a solution in water containing 2% 

{v/v) sthanol. 

These results deraonstrate that copper enhances the 

degree of degradation of the antibody relative to ths 

control. The addition of EDTA virtually eiiTainates 
15 degradation whilst the other metal Ion chelator 

1,10-phenanthroline reduces degradation to a considerable 

extent, 

20 This example also used CAMPATK IH produced in CHO 

'calls of the type referred to in Exajnple 1 (11.3T5sg/ml in 
phosphate buffered saline) snd the batch having been 
jneasiared as containing 0.04^9 Cu^*/ml. In this and 
following examples, the copper content of antibody ssssples 

25 was aseasured by atpiaic absorption spectroscopy using a 
Philips PU940DX atoKiic absorption spectrophotometer. The 
detection limit of this method was about 0.03 cu/ml so 
that sainpies stated to have "no detectable copper'* contain 
less than 0.03 /ig Cu/jsil. Saisples of this Campath IH were 

3D diluted to 1 mg/ml in phosphate buffered saline and 
dialysed exhausti-yely versus 0,2M sodium phosphate buffer 
at pH 6.0, pH 6,4 and pH 5.8, CAMPATH IH previously having 
been deterssined to be Jnost stable against degradation by 
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heat at. abdat pH s. The following was added tc 30Q.ul 
sassplas at each pH: 

(i) 30|il lOJSM CuCiz^BH^O in wster; 
(il) 30^^X IOjErM EDTA in water; 
5 (ili) 30^1 btiffar? 

and tlae samples incubated at 62 =C for 24 hours. 50 ul 
aliquots were analysed as described in Exaisple I with 
degradation being assessed by size exclusion chromatography 
and sssasured as the extent of formation of "Peak C« based 
10 on the total eluted protein. 

The results for % Peak C are given in Table 2 below: 



TABLE 2 



pH 


% Peak C 


Cu 


EDTA 


Buffer 


S.0 


1.75 


0.38 




6.4 


2.94 


0.34 


0.72 


S.S 


5.31 


0.51 


1-12 



The results indicate that as pH increases, the effect of 
copper on the degradation of CAMPATR IH increases. In the 
absence of added copper an increase in % Peak C is also 
seen with inGreasing pH. In the presence of EDTA the 
degradation of CA35PATH IH is suppressed. 



25 .SIMFLP„.3. 

This example used two different batches of CAMPATH IH 
prod^jced in CHO cells of the type referred to ixi Exasnple 1 
(lOKjg/asi in phosphate buffered saline) : Batch 1 contained 
no detectable Cu*+ as determined by atomic absorption 

3D spectroscopy and Batch 2 contained a.04.ug Cu'-'-./ikI.- Sasnples 

of ]30th batches were diluted to 1 ing/Bi in phosphate 
buffered saline and dialysed extensively for 24 hours at 
-f4®C against SOisH aramonium hydrogen carbonate and linM EDTA 
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was added to the Batch 2 to eliminate any effect of the 
copper. 200.ui aiiqxiots of both batches were incubated for 
24 hours at 4, lO, 20, 30, 40, 30 and S2°C and degradation 
was assessed as described in Exarsple 1 by sise exclusion 
5 chromatography and measured as the extent of formation of 

"PsaK. C" based on the total eiuted protein. 

The results for % Peak C are given in Table 3 below; 



TABLE 3 



IQ 



T^jnperaturs 


% PeaX c 


Batch 1 


Batch 2 EDTA 


4»C 


0 


0 


10 'C 


0 


0 


20»C 


0 


0 


30«C 


0.47 


^ 1 


40»C 


2.71 


0 


j 50 »C 


60.1 


0 


1 


72.36 


1,12 



Although no detectable Cu'* was found in Batch I, soae 
20 degradation was apparent on incubation at 30 and 40*C with 

extensive degradation at 50 and 52 °C. In the case of Batch 
2 which contained detectable Cu^"*^, jr.iniroai degradation was 
seen svan at elevated teniyerature in the presence of EDTA. 
These results suggest the possibility that subdetectable 
25 levels of Cu^* may accelerate the degradation of CAHFATK IH. 

The results of Example l were confirmed by a tinsed 
incubation at 62*0 over a period of 24 hours using the saxne 
30 C^PATH IH antibody produced in CKO cells. The batch used 
was determined to contain 0,03^5 Cu**/inl by atomic 
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a&sorption spectroscopy and 3b1 of this batch containing 
3.73ig/ml CM-IPATH IH in phosphate buffered saline was 
diaiyssd at •f-4''C for 24 hours against 3x2 litres SOsiM 
ajar:onius!L hydrogen carbonate. 100 ,u.i aliquots wers incubated 
5 at 52«C with the following additions: 

(i) 5SJ.1 0,0 IM EDTA in water -5- iOpl O.IM CuClj.2HjO in 
water ; 

(ii) 5.iil 0.01^ EDTh in vater? 
(ill) none, 

10 The sissount of EDTA added should have been sufficient to 
chelate any residiial transition aetai ions in the antibody 
but not sufficient to chelate the copper which is added In 
Sasjple (i) . 

50^41 samples were withdrawn for analysis at the 
15 following times: 0, i, 2, 3, 4, 5 and 24 hours. The 
samples were analysed as in Example l hy size exclusion 
HPLC with the extent of formation of Peak C again being 
taken as a measure of the extent to which the antibody had 
been degraded* The results are shown in the following 
20 Table 4s 



TABLE 4 



30 



Time 


% PeaK: c 


hours 


EDTA + Cu 


EDTA 


None 


0 


0 


0 


0 


1 


2.49 


Q 


1.13 


2 


9.20 


0 


1.82 


3 


39,24 


0 


3,27 


4 


44,83 


0 


S.,13 


5 


49.42 


0 


6.8S 


24 


100 


2.25 


22.12 
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EXAMPLE 5 

This example also used CAMPATH IH produced in CHO 
cslls of the type referred r.o in ExsFipie l (lO.Oag/sil in 
phosphate buffered salxne) and the foatch having no 
5 aetectabie copper as measured by atomic absorption 
spectrosccjpy. A sample of this Campath IH was diaiysed at 
+4°C versus SOiaH amnsoniuTn hydrogen carbonate and lOOul 
aliqaots were incubated at 62 =C for 24 hours with lOal of 
ir.creasing concentrations of Cuclj.3HiO in water. The 
10 sajaples were analysed as in Exaropie i by size exclusion 
HPLC with the extent of formation of "Peak C" again being 
taJcen as a measure of the extent to which the antibody had 
been degraded. The results are shown in the following 
Tabls 5: 

^5 TABLE 5 



nMoles Cu per 
nMola CAMPATH IH 


% Peak C 


0 


l.Sl 


0 . 018 


8.09 


0.037 


11.41 


0.074 


13.61 


0.145 


17.59 




22,84 



25 The extent of dagradation was found to incraase with 

increasing snolar ratio of Cu'+/CAI<FATH IK. At ratios above 
0.3 (data not shown), aggregation was seen with lower 
recovery of total protein. 



This example, also used CAKPATH iH produced in CKO 
calls of the type referred to in Example i ( i. Omg/xnl in 
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phosphats b^ff ered saline). , tne fcatcti having been found to 
contain O.lSjig Cu^*/ial as measured by atomic absorption 
spectroscopy. The sample thus had a high copper content 
( copper/ CAKFATH IH molar ratio 449 pMcl CM~*/nMol ChMBhTsi 
5 IH) and early stability studies showed that this batch was 

subject to substantial degradation on storage at 37 ''C. 

The effect of incubation of this sampla for up to 
four weeks at 37 »C with and without the presence of 2jsK 
SDTA is shown below in Table S. The sarnpies were analysed 
10 as in Example 1 by size exclusion HPLC with the esctent of 

forssation of "Peak C" again being taken as a measure of the 
extent to which the antibody had been degraded. 



TABLE 6 





% 


Peak C 


(weeks) 


2 m EDTA 


NO EDTA 


1 


0,72 


2.86 


2 


X.26 


6.59 


3 


1.24 


S.24 


4 


1,44 


10 . 18 


4 at +4''G 


0.95 


1.02 



2 thH EDTh substantially decreases the decoitiposition 
of the cmWKTH IK but does not totally inhibit it. 

A sample of thf- same Casnpath IH was dialysed at +4»C 

2S versus SOmM airononium hydrogen carbonate and iOO#iX aliquots 
ware incubated at Q2^c for 24 hcurs with varying 
concentrations of EDTA. Again the samples were analysed as 
in Example 1 by sise exclusion HPLC with the extent of 
formation of "Peak c" being taken as a measure of the 

30 extent to which the antibody had been degraded. The 
results of two separate experiments are shown in Tables 7 
arid 8 below: 
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TABLE 7 



auM EDTA 


% Peak c 


1 ° 


6,BS 


0,1 


— 

1 . 03 


1 


1.38 


2 


1.X2 


3 


1.26 


4 




10 


1 


TABLE 8 


m EDTA 


% Peak C 


0 


7.47 


1 0.0001 


S,43 


1 0.001 


7 . 28 


0.01 


1.S3 


0.04 


1.68 


0.1 


1.63 1 



20 These results show that as little as O.Dirm EDTA 
effectively inhibits decoinposition of CAKPA'TK IH. 

SXAMPLS 7 

The effect of Cu^* and of EDTA on the decomposition of 
25 various antibodies is shown in Table 9 below. All saapies 
were incubated at 4«c and at 62 'C for 24 hours In ths 
absence of any additives and at 62 «C for 24 hours in the 
presence of either Cxi^* (insM CuClj.aK^O O.SjtsM EDTA) or EDTA 
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(IBM EDTA) . 



IS 



20 



25 







% 


PeaK C 






4''C 


62 "C 


52 «C 


62 »C 




No SDTli 


No EDTA 


+ Cu'-*' 


4- EDTA 


1 IgGl 


0.54 


1.5B 


5,55 


1 • 1 


1 CXH 


0 


2.49 


27.98 


0 


1 CD4 


0.4 


l.Sl 


21.52 




1 IgG2 


0 


1.81 


3.77 





IgG 



CD4 



mouse monoclonal IgG; antibody ^ isg/si in 
phosphate buffered saline; 

CAHPATH IH of the type described in Exaisple 1, 
img/jnl in phosphate buffered saline; 
Humanised anti~CD4 jsonocionai antibody having 
the satre fraisework region as CAHPATH IH and 
produced in CHO ceils, Issg/ird in phosphate 
buffered saline? 
XgG2 ~ Mouse IgSj monoclonal antibody 1-4139 
commercially available from Sigma, supplied 
lyophilised from phosphate fctuffer and 
redissoived with water to Img/iBi. 
Ml saasples show little or no decomposition at 4=c whereas 
there is some decomposition at 62 »C which is Increased by 
varying degrees by the presence of copper. Decomposition 
at QZ^C is suppressed by EDTA. 



BXAMFLE 8 

& coinparison between the effect of ZMi EDTA in 
phosphate buffered saline (pK 7.2) and 50 m citrate (pK 
6.0} on the stability of campath~lH was carried out at 
various levels of copper- Carnpath-IH produced in CHO cells 
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of the type referred to in Example i, the batch having no 
detectable copper as measvired by stcTnic absorption 
spectroscopy,, was diluted 1 in 10 by vorame v/ith phosphate 
buffered saline. 1 x?d ailquots were dialysed against 1 
5 litre of the following buffers: 

(i) phosphate buffered saline, pH 7,2; 
(ii) EDTA in phosphate buffered saline, pH 7.2; 

(iii) 50 siH sodiuja citrate, pK 6,0. 

Dialysis was carried out at 4^0 with three changes over 15 

10 hours. Protein concentration was then determined for the 
three saTspies by scanning between 340 and 2 GO nm using a 
buffer blank and taking the extinction coefficient Ajjo 
(0.1%) as 1.32. Protein concentrations oft 
(i) 1.32 mg/ail 

15 (ii) 1.20 isg/ial 

(ill) 1,27 isg/ial 
were datarjained. 

200 p.1 aliquots of the antibody in the above buffers 
were then incubated with increasing concentrations of 

20 Q^Qly. 2E-P (up to 20 m) at 62°C for 24 hours (62 °C being 

the optijnal temperature for copper -induced cleavage of 
Caitipath-IH. ) Samples (50 (jlI aliquots) were then analysed 
by sise exclusion HPLC in the roanner described in Exajnple 
1 and the various fractions integrated by cutting and 

2S weighing chroiaatograins of the A^gj,- absorbing peaks eluted 
froa t:he column. In this case, results were recorded as % 
"peak B" {whole Cawpath-iH) . 

The results are set out in the following Table 10, 
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TABLE 10 



Added 

GU (Bi^> 


% Peak S 


PBS only 


PBS+2a!M SDTA 






42.92 


100 


100 




21.47 


98,95 


94.71 


2.5 


18i72 


35.96 


94. 66 


5.D 






93 ,42 


7.S 


0 


0 


92.82 




0 


0 


32.57 


2.2.5 


0 


0 


§4.85 


15 


0 


0 


32.53 


20 


0 


0 


15.48 



Gleav^e of Gaaipath-'IH 'iti phosphate buffered saline alone &t pH 7.2 is 
relafeively rapid on incubation for 24 hours at 62**C even in the 
ebse^ce of added copper. In phosphate buffered saline plus 2sM. ESTA, 
pH7.2, cleavage is iaduced when greater than 1b& - copper is added. la 
50aii - citrate, pH 6.0, cleavage takes pldce when copper in excess of 
lOssH is added. 
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FJCAMPLS 9 

A siailar experiiaent to Exaaple 8 also iirvestigated the effece of 
varying the pH. Gajopath-IH produced io CHO cells of the cype referred 
to in Sxasiple 1 iu phosphate buffered saline, the batch having no 
detactabis copper as measured by atomic absorption specuroBoopy, was 

diluted 1:20 in phosphate buffered saline pH 7.2, Protein 
coKcsTitrarian was the» deterffiined as described in Sxampla 8 and the 
sajsples diluted to a protein concentration cf 2!Bg/'ml with phosphate 
buffered saline pH 7.2 or phosphate buffered saline pH 6.0 and the pH 
was checked. Either 4^1 O.IM - trisoditjja citrate, pH 7.0 or 4£sl Q.l 
H-EBTA, pH 7,0 was added to 200^*1 aliquots of each of the Ca^ath-IK 
saiE»I©s (2ssg/ml in phosphate buffered salioe either pH 7.2 or pH 6,0) 
to give a final concetitratiott of about 2m» with respect to citrate of 
EDTA. 

Coppsr was added up to ^tcH as 0 to 6^1 aliquots of 0,lK CuCX2,220 per 
ZOOiil Caaspath-IH (2m$/al) sample. 4/tl water was added to saapl^s 
wit^tout copper. Samples were incubated at $2.°C for 7A hours, 
cesttrlfuged £© remove any precipitated material and 50^1 aliquots 
analysed by size exclusion HPLC in the manner described in Example 8, 
Results, recorded as % "peak B" {whole Campath-IH) are set out In the 
foXXoving Tablfi 11. 
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TABLE 11 



Added 


% Peak B 




Cu. 


BBS only 


PBS+2IBH EDTA 






pH 7.2 


pH 6.0 


pH 7.2 


pH 6.0 


pH 7.2 


pa &.C5 


0 


93.54 


95.29 


91.41 


92.91 


§3.17 


89.25 


0.5 


3,24 


38.46 


92.86 


94,87 


64. SI 


86.63 


1.0 


17.27 


12.89 


94.47 


93.56 


66.77 


§4.96 


2.0 


6.5 


0 


95.14 


13 


18.36 


0.74 


2.5 


25 


0 


12.92 


0 


38.41 


O.S 


3.0 


15.44 


0 


13.2 


" 1 


37.5 


0.93 



Tha abova t:abls shows the approximate stolchioasetry of blndiitg of Cn" 
hy 2S5H-SDTA s.nd 2jsM,-citrate and the contributory effect of pH, 
2sM-EBTA xn phosphate buffered saline, pH 7.2, is she mast effective 
in s-vsppressitig copper itiduced cleavage of Caiispsth-iK. An approximate 
1:1 stroiahlometry of binding is indicated, at pH 7.2. Copper 
concentrations in excess of 2niM cawse cleavage of Caapatb-IK in SaK 
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CLAIMS ; 

1. A staisiiised iitiraunoglobuiin consposition comprising at 
5 least one irajRunoglobulin together with a stabilising ajnount 

of s chsiator of copper ions. 

2. h coinposition as claiinea in Claljn i, wherein the 
ijsjnunogXobuiin is of the class igG. 

10 

3. h composition as claimed in Ciaijn i or 2, wherein the 
ijnmunogiobxjlin is a recombinant CDR-grafted antibody, 

4., h composition as ciainied in ClaiE\ 3, whsrsin rhe 
IS antibody is an antibody against the CD2, CD3, CD4 , CD5, 

cm, CDS, CDlla,b, CDIS, CD19, CD25, CD33, CDw52 or CD54 
antigen. 

5. A composition as claimed in Ciaiir. 3, wherein the 
20 antibody is an antibody against the CDw52 antigen. 

6.. A composition as claimed in CiairR 5, wherein the 
antibody is CAMPATH-IH. 

25 7. A cojTiposition as claimed in any of Claims I to 6, 

wherein the chelator of copper ions is ethylenedi amine 
tetraacetic acid- 

S, A composition as claimed in any of Clainis 1 to 6 
30 wherein the chelator of copper ions is citrate ion. 

9. A con\position as ciairoed in any of Ciairas 1 to B, in 
the fona of a liquid preparation suitable for parenteral 
adjainistration- 

35 



18, A composition as claimed in any of Claims i to 8, in 
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lyophilissd form suitable for reconstituticn into a liquid 
preparation suitable for parenteral administration. 

11. L'se of a chelator of copper ions to stabilise an 
iassiunoglobulin against degradation on storage. 

12. Use according to Claim 11, wherein the chelator of 
copper ions is etJjylenediamine tetraacetic acid. 

13. Use according to Claim 11, wherein the chelator of 
copper ions is citrate ion. 

14. ass according to any of claims 11 to 13, wherein the 
antibody is a recombinant CDR-grafted antibody against the 

antigen. 

15. Use according to claim 14,- wherein the antibody is 
CM5PATH-1H. 

16. . A. process for enhancing the stability of an 
iijsinunoglobulin which comprises subjecting the 
ipjtiunoglobulin to a purification procedure capable of 
removing copper ions therefrom* 

17. A process as claimed in Claim 16, wherein the 
purification procedure is dialysis versus potassium cyanide 
containing phosphate buffer followed by gel filtration to 
remove copper as copper cyanide. 

IS. A purified immunoglobulin substantially free from 
copper ions. 

19. A purified imfflunogiobulin in which no copper can be 
detected by atoKiic absorption spectroscopy. 

20. An immunoglobulin as claimed in Claim IS or 19, which 
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is a recombinant CDR-grafted antibody against the CDw52 

antigen , 



21. An iissiunoglpbulin as claimed in Ciain^ 20, wherein the 
antibody is CAMPATK-IH. 
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